Aversive events such as electric shock lead to analgesia. There have been differing views with regard to whether the aversive event itself can lead to analgesia as a direct unconditioned reaction, or whether the analgesia is instead a reaction to fear conditioned to cues present during shock or to other associative processes initiated by the aversive event. Maier (1989 Maier ( , 1990 has argued that aversive events such as shock lead to both types of analgesia, with the type observed depending on test conditions. Unconditioned analgesia was argued to be present soon after shock, with conditioned analgesia replacing the unconditioned form if the subject is allowed to remain in the shock environment. Consistent with this argument, the experiments reported here show that (1) preexposure to the environment in which shock later occurs has no effect on the analgesia soon after shock, but eliminates the later analgesia; (2) the initial postshock analgesia is unaffected by removing the subject from the shock environment to a different environment, but the later reaction is prevented by such a change; (3) returning the subject to the shock environment after confinement in a nonshock environment rearouses an analgesic reaction; and (4) this rearousal does not occur if the subject has first been confined to the shock environment without shock.
reactivity (Hayes, Bennett, Newlon, & Mayer, 1978) . This phenomenon has most often been referred to as stressinduced analgesia (SIA). Because of the potential theoretical and practical importance of analgesic reactions, considerable effort has been directed at understanding the psychological nature of SIA, as well as the physiological mechanisms responsible. Conflicting evidence has emerged, and differing views have been developed.
The present paper addresses a number of issues concerning the psychological nature of the analgesia. Most research exploring the nature of SIA has used electric shock as the inducing stimulus. In considering the analgesia produced by shock, it is useful to separately consider reactions to small amounts of shock (1-20 shocks that are fairly brief in duration, say 5 sec or less) and large amounts of shock (80 or more shocks in this duration range). There is evidence for at least three different possibilities concerning the psychological nature of the analgesia observed after small amounts of shock: (1) It is an unconditioned reaction (UCR) to the shock itself or to some sensory consequence of the shock (Maier, 1986; Terman, Shavit, Lewis, Cannon, & Liebeskind, 1984) ; (2) it is a conditioned response (CR) and cannot be elicited directly by shock; fear is rapidly conditioned to contextual cues by shock, and the analgesia is a reaction to conditioned fear (Fanselow, 1984); and (3) it is a reaction to the memory representation of shock (Grau, 1987a (Grau, , 1987b . Maier (1986) has argued that exposure to inescapable shocks sufficient to produce "learned helplessness effects" elicits a new analgesic process that is neither a VCR to shock nor a reaction to conditioned fear or to representations of shock. Here, the analgesic reaction is argued to be a response to learning that the inescapable shocks are uncontrollable. Once initiated, it runs its course and it masks any conditioned effects that might be present.
There is evidence to support each of these views. Maier (1989) has argued that much of the seeming discrepancy in findings can be resolved by considering a number of experimental variables that have differed among the experiments supporting the various views. These variables are the number of shocks, the time between the last shock and pain testing, and whether the subjects are removed from the environment in which shocks had occurred for the pain testing. Obviously, testing soon after the last shock and removing the subject from the presence of cues that had been paired with shock would favor obtaining evidence for unconditioned effects, whereas testing in the shock environment and allowing larger amounts of time to elapse between shock and testing would favor conditioned effects. Indeed, data supporting the view that the analgesic reaction after small amounts of shock reflects a VCR to shock were obtained either within 2 min of the last shock (Maier, 1989) or with testing after removal of the subject from the shock apparatus (Klein, Lovaas, Terman, & Liebeskind, 1983; Terman et al., 1984) . Data
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supporting purely conditioned effects in the shock environment generally have reflected summed data across a 10-min postshock period (e.g., Fanselow, 1984) . In the most critical experiments supporting Maier's argument, rats received either 1, 5, or 80 inescapable tailshocks while restrained in Plexiglas tubes (Maier, 1989) . They then received radiant-heat-pain test trials (tail-flick test) 2, 4, 6, 8, and 10 min after the last shock of the series, while being left totally undisturbed in their Plexiglas tubes. A single shock led to an analgesia that had dissipated by 8 min postshock, whereas 5 and 80 shocks produced an analgesia that persisted for the 10 min oftesting. A separate set of groups received identical treatments, but while anesthetized with pentobarbital (tail flick to radiant heat can be measured in anesthetized animals since it is a spinal reflex). Here, there was a brief analgesia (2 min) after 1 shock, an analgesia that persisted 4 min postshock after 5 shocks, and no analgesia after 80 shocks. On the assumption that unconditioned reactions to shock as a sensory input might be present in anesthetized animals but that the development of conditioning and/or memorial representations should not be present, Maier (1989) argued that the data suggested a brief VCR to shock that habituates over the course of 80 shocks. The opiate antagonist naltrexone administered before the shock series blocked the brief analgesia after 1 shock, but not the analgesia after 5 shocks. Thus, the VCR was opioid or nonopioid in nature, depending on the number of shocks. This brief unconditioned analgesia after 1 and 5 shocks was then replaced by a conditioned analgesia if the rat was awake. This second analgesia occurring 4-10 min after the last shock in the 1-and 5-shock conditions was blocked by naltrexone, indicating that its production required an opiate synapse (Watkins, Cobelli, & Mayer, 1982) . Finally, the entire analgesia after 80 inescapable shocks in the awake animal was blocked by naltrexone.
The argument was thus that shock produces an immediate analgesic VCR that can be either opioid or nonopioid, that this VCR is replaced by a second analgesia that is a CR and is opioid under the conditions used, and that after 80 shocks an opioid analgesia is produced that is a reaction to the learning of uncontrollability and that is neither a VCR to shock nor a CR in any traditional sense. To further test these ideas, Maier (1989) gave rats either 1, 5, or 80 shocks as before, but the animals were immediately removed from the shock tubes after their last shock and placed in different tubes in a different room for tail-flick testing. The rationale was that now any analgesia that was a CR to cues present during shock should not occur, although VCRs and reactions initiated by learning about uncontrollability might be expected to persist in the new tubes. The results were that in the new environment, 1 and 5 shocks were followed by only the initial brief analgesia that was opioid after 1 shock and nonopioid after 5 shocks. The opioid analgesia 4-10 min after the last shock did not occur. In contrast, the analgesia after 80 shocks still occurred in the new tubes across the entire 10 min of testing and was still reversed by naltrexone.
Although these data are consistent with the view that the analgesia soon after 1 or 5 shocks is a VCR to shock, that the analgesia at later timepoints is a CR, and that the analgesia after 80 shocks is neither, there are alternative possibilities. The analgesia that occurs up to 4 min postshock and the analgesia that occurs later are clearly different, but one does not have to be a VCR and the other a CR. It is not necessary to grant that a reaction's presence during the anesthetized state requires that the reaction be a VCR, nor is it necessary that nonoccurrence of a reaction after removal from the shock tubes means that the reaction is a CR. For example, removing the subject and placing it in a new environment for pain testing not only removes cues that had been paired with shock, but also provides potentially disruptive stimulation. Perhaps the second analgesia is a nonassociative consequence of the first analgesia that is easily disrupted by new cues and requires circuitry affected by pentobarbital. There is really nothing in the Maier (1989) experiments to prove that the analgesia 4-10 min postshock is a CR. Nor do the data reported by Maier (1989) conclusively prove that the analgesia after 80 shocks is not a CR. It could be a CR that is so potent that removing the animal from the shock cues fails to disrupt it.
The purpose of the present experiments was to further explore these issues.
EXPERIMENT lA
Traditional control procedures used to determine the associative nature of a reaction are not useful in the present circumstance. This is because the question posed is not whether analgesia can be associatively conditioned to environmental cues-it surely can be conditioned (e.g., MacLennan, Jackson, & Maier, 1980) . Rather, the questions are whether (1) the analgesia 2-4 min after a single session of 1 and 5 tailshocks delivered to rats restrained in tubes is unconditioned, (2) the analgesia 4-10 min after the last tailshock is a conditioned reaction elicited by the cues present, and (3) the entire reaction following 80 tailshocks is a reaction that is not associatively elicited by the cues present. An examination, for example, of whether analgesia occurs in the tubes if the tubes are paired with shock but does not occur if the tubes are unpaired with shock would answer whether analgesia is conditionable, but would not speak to whether the hypoalgesias of interest here are or are not associatively triggered.
A different approach is to employ manipulations that are known to modify the strength of conditioning and that can be applied before a single session of tailshock. If the arguments made concerning analgesia are correct, such manipulations should have no effect on the analgesia 2-4 min after 1 and 5 shocks, or on any reaction after 80 shocks across the 10 min of testing. The analgesia 4-10 min after 1 and 5 shocks should be altered. Preexposure to the environment in which the shocks are delivered is an obvious choice. Preexposure to the cues that will later be paired with the unconditioned stimulus (UeS) is well known to reduce conditioning to those cues, a phenomenon called "latent inhibition" (Lubow and Moore, 1959) .
In Experiment I, rats were exposed to either the environment in which they later received shock or to a different environment. Controls were exposed to a different environment rather than remaining untreated in order to control for handling, restraint, and so forth. The animals then received either I, 5, or 80 inescapable tailshocks, followed by tail-flick-to-radiant-heat tests 2, 4, 6, 8, and 10 min postshock. The shock treatments were preceded by naltrexone or saline to ensure that the preexposures did not alter the nature of any analgesia that might have occurred.
Method
Subjects. The subjects were 96 male Sprague-Dawley rats. 80-90 days old at the time of testing. The rats were individually housed and maintained on a 12: l2-h light:dark cycle, with testing typically occurring in the first few hours of the light pan of the cycle.
Apparatus. Inescapable shocks were administered while the rats were restrained in Plexiglas tubes 17.5 ern in length and 7.0 cm in diameter. The animal's tail extended from the rear of the tube through a notch cut in the middle of the rear door. This design allowed tail-flick pain testing without removing the subject from the apparatus. Unscrambled 1.0 rnA shocks were delivered by shock sources modeled after the Grason-Stadler Model 700 shock source through electrodes taped to the rat's tail and augmented by electrode paste. The electrodes were constructed from fuse clips modified to fit onto the tail. The restraining tubes sat in plastic. insulated, sound-attenuating chambers that were illuminated by a single 28-V lamp. Masking noise was present and was 80 dB in intensity.
Pain testing was conducted using a tail-flick apparatus consisting ofa43.0x 17.7 x8.0 cm metaI box that supponed a 7.4x3.0 cm aluminum plate. A shallow groove was cut in this plate. into which the rat's tail was placed during a test trial. A General Electric 150-W projector spotlight was mounted above the slot. A condenser lens was located between the light source and the rat's tail and focused the light beam. A lateral deflection of the tail of 5-7 mm activated a photocell receiver and automatically terminated the test trial. The heat was adjusted so that naive control animals showed tail-flick latencies in the 4-sec range.
A second room was available in which rats were never shocked. When restrainers were put in this room, there was no light at all and no masking noise.
Procedure. All rats were first accustomed to handling. They then received four daily 30-min placements into Plexiglas restraining tubes. For half the animals, the tubes were located in the environment in which shock would later occur (the room in which the animals are routinely shocked. with 28-V light and masking noise present), and for the other half, the tubes were located in the room in which shock never occurred, with no light or masking noise. On Day 5, half of the animals in each preexposure condition received naltrexone (7 mg/kg s.c.) and half received saline. Twenty minutes later. the animals were all placed in tubes that were placed in the shock envirorunent (light and masking noise present). The rats were given 5 min to adapt and then received three baseline tail-flick tests. A cutoff of 8.0 sec was employed. That is, if a tail flick had not occurred after 8 sec, the heat was terminated and an 8.0-sec latency recorded. The last two tests were averaged together to form the baseline score. One third of each of the subgroups then received I tailshock 5 sec in duration and 1.0 rnA in intensity; one third received 5 such shocks at an average intershock interval of I min; ASSOCIATIVE PROCESSES AND SIA 297
and one third received 80 such shocks. Tail-flick tests were conducted 2. 4. 6.8. and 10 min after the last ofthc shocks. 1be animals remained in the shock tubes and in the shock enclosures during the entire duration of testing. Thus. the design was a 2 x 2 x 3 factorial. with preexposure in the shock environment or a different environment, naltrexone or saline. and I, 5, or 80 shocks as factors. with five repeated tests occurring after the last shock without removing the subjects from the tubes.
Results and Discussion
The data from this experiment could be analyzed as a 2 x 2 x 3 x 5 factorial with repeated measures. However, the complexity of interpreting 3-and 4-way interactions suggests a simpler approach. For ease of presentation and clarity of interpretation, the data wil1 be shown and analyzed separately for the 1-, 5-, and 80-shock conditions. This choice is made because there is no theoretical reason to compare the amount of analgesia produced by each of these shock conditions. The theoretical interest in the experiment is in determining the effects of preexposure, naltrexone, and time of testing fol1owing each of these shock conditions. Figure I shows tail-flick latencies for the four groups tested after a single shock. There were no baseline differences between groups (F < I). Rats not preexposed to the shock environment and given only saline became analgesic, with the analgesia gradually dissipating by the end of the 10 min of testing. The initial analgesia fol1owing shock was not attenuated by preexposure to the shock environment. However, the analgesia at 4-8 min was strongly reduced by such preexposure. Naltrexone blocked the analgesia throughout its entire extent. These impressions were confirmed by a 2 x 2 x 5 repeated measures analysis of variance (ANOVA). Figure I . Mean tall-ftlck latencies at baseline (BL) and 2, 4, 6, 8, and 10 min alter one shock. Subjects bad been preellpcMed to the shock environment (P) or to a nonsbock envll'Olllnent (NP) and had received either naltrellone (NaI) or saline (Sal) berore testing. Mlnutes groups at the 8-and IO-min tests. No other differences were reliable. Figure 3 shows the pattern following 80 shocks. Again, the results were different from those following 1 and 5 shocks. Here, analgesia persisted for the entire IO-min period for the group that received saline and was preexposed to nonshock cues and was blocked for the entire test period by naltrexone. Preexposure to the shock cues had no effect at any test point. A repeated measures ANOVA found a reliable effect of drug [F( 1,28) = 150.14,p < .0001]. Neithertheeffectsofpreexposure, the drug x preexposure interaction, the drug x trial interaction, nor the 3-way interaction approached significance.
The effect of trials approached significance [F(4, 112) = 2.24, p < .07]. Subsequent Newman-Keuls tests (p < .05) found that the naltrexone and saline groups differed from each other, but that the saline and naltrexone groups did not differ among themselves.
These results are straightforward and consistent with the suggestion that there is an early analgesia following small numbers of shocks that is unconditioned in nature, and that this initial analgesia is later replaced by one that is a conditioned reaction. In this experiment, preexposing the rats to the cues that would later be present during shock and subsequent pain testing altered the pattern that follows no preexposure (Maier, 1989) or preexposure to a set of cues different from that accompanying shock and testing. Such preexposure reduced or eliminated the lateappearing analgesia, while leaving the initial analgesia unaffected. Not only was the occurrence of early analgesia unaffected by preexposure to the shock cues, but its opioidnonopioid nature was also unchanged. A single shock was followed by an initial opioid reaction, and 5 shocks by a nonopioid reaction. As before, the second, putatively conditioned analgesia was opioid in both cases. Finally, the analgesia following 80 shocks again appeared to be a uniform rather than a bipartite sequential reaction and not to be conditioned. It was opioid across its entire extent and unaffected by preexposure to shock cues at any point. Mean taiI-ftick latencies at baseline (BL) and 2, 4, 6, 8, and 10 min after 80 shocks. Subjects had been preexposed to the shock environment (P) or to a nonshock environment (NP) and had received either naltrexone (NaI) or saline (Sal) before testing.
... tern at each of the test points. At the 2-min test, the saline groups differed from the naltrexone groups, which did not differ from each other. At the 4-min test, the group that received saline and was preexposed to nonshock cues differed from the naltrexone groups but not from the group that received saline and was preexposed to shock cues. The group that received saline and was preexposed to shock cues did not differ from the naltrexone groups. At the 6-min test, the group that received saline and was preexposed to nonshock cues differed from all of the others, which did not differ among themselves. There were no reliable differences at the 8-and IO-min tests. Figure 2 shows the results following five shocks. Here, the pattern is quite different. The group preexposed to the nonshock environment and given saline remained analgesic throughout the 10 min of testing. Neither preexposure to the shock environment nor naltrexone reduced the initial analgesic reaction occurring during the first 4 min postshock, but both reduced the analgesia occurring 6-10 min postshock. Moreover, the combination of naltrexone and preexposure to shock cues seems slightly more effective than do either separately. A repeated measures ANOVA yielded reliable effects of drug [F(1,28) the 2-and 4-min tests; a reliable difference between the group that received saline and was preexposed to nonshock cues and the group that received naltrexone and was preexposed to shock cues at the 6-min test; and a reliable difference between the group that received saline and was preexposed to nonshock cues and each of the other three Minutes Figure 2 . Mean taiI-mck latencies at baseline (BL) and 2, 4, 6, 8, and 10 min after five shocks. Subjects had been preexposed to the shock environment (P) or to a nonshock environment (NP) and had received either naltrexone (NaI) or saline (Sal) before testing. These data make it difficult to argue that the failure of preexposure to alter the analgesia immediately following 80 inescapable shocks is attributable to a preexposure insufficient to reduce conditioning produced by so many shocks. The preexposure was indeed sufficient to reduce the amount of conditioning when test conditions that assessed conditioned responding were used. This further supports the argument that the analgesia that occurs immediately following 80 inescapable shocks is simply not a reaction deriving from Pavlovian associative processes.
One of the original experiments (Maier, 1989, Experiment 3) suggesting that the analgesia that occurs 2-4 min after a shock is unconditioned while the subsequent analgesia that occurs is conditioned was one in which the animals were removed from the shock tubes for pain testing. Rats received either I, 5, or 80 tailshocks and were immediately removed from the tubes after their last shock. They were quickly taken to a different room in which animals had never been shocked and in which the lightMethod Subjects. The subjects were 14 rats of the same strain, age, and sex as in Experiment lA. Housing and general conditions were as above.
Apparatus. The apparatus was the same as that used in Experiment lA.
Procedure. After initial handling, the animals were divided into two groups. As in Experiment l A, one was preexposed to the environment in which shocks would later occur, while the other was preexposed to the nonshock environment. Twenty-four hours after the last preexposure, all rats received 80 inescapable tailshocks in the shock environment as in Experiment lA. Upon completion of the shock series, all animals were immediately removed from the shock tubes and placed in clean tubes in the nonshock environment. They received a tail-flick test every 10 min for 50 min. A 50-min session was chosen because pilot work revealed that the analgesia would completely dissipate across this period of time. The subjects were then returned to the shock environment for 10 min and received a tail-flick test every 2 min.
It is possible to argue that the failure of preexposure to reduce the analgesia following 80 inescapable shocks does not reflect an insensitivity of this analgesia to latent inhibition, but rather that 80 inescapable shocks produce so much conditioning that latent inhibition is overcome. Experiment IB was designed to assess this possibility. The strategy was to determine whether preexposure was or was not sufficient to reduce the conditioning that 80 shocks do undoubtedly produce. Remember, the theoretical question is whether the analgesia observed immediately after 80 shocks is an associatively derived response, not whether 80 shocks can condition analgesia that could be observed under different conditions of testing. They undoubtedly can do so. If 80 shocks are sufficient to overcome latent inhibition, then latent inhibition should not be observed under conditions designed to reveal the conditioned analgesia produced by 80 shocks.
EXPERIMENT 18

Results and Discussion
The tail-flick data are presented in Figure 4 . As can be seen in Figure 4A , the group preexposed to the shock environment was no less analgesic during the immediate postshock testing in the nonshock environment than was the group preexposed to the nonshock environment. This replicates the findings of Experiment IA, with testing here being in the nonshock environment. As is also evident in Figure 4B , analgesia had dissipated by 50 min postshock. The rats did become analgesic when returned to the shock environment. This presumably is a conditioned or associatively derived reaction, and here preexposure exerted an obvious effect. The group preexposed to the shock environment became much less analgesic than did the group preexposed to the nonshock cues. A repeated measures ANOVA applied to the tail flicks measured upon return to the shock environment yielded reliable effects of pre- ing and noise conditions were quite different from those in the shock room. There, the animals were placed into clean tubes and received tail-flick testing across the usual lO-min interval. The logic was that if the early analgesia is an unconditioned reaction to the shock, then it ought to be triggered by shock and simply run its course. Thus, this unconditioned analgesia should have been observable in the new tubes in the new room. If the second analgesia is in fact a conditioned reaction elicited by the cues that had been paired with shock, then this reaction might be expected to be weak or absent during testing, since many of the cues that had been paired with shock were not present during testing. After 80 shocks, the pattern was expected to be quite different. If the analgesia after 80 shocks is a reaction that is triggered by having learned that the shock is uncontrollable and that runs its course once initiated, then the reaction might be expected to persist in an undiminished fashion in the new environment.
The results followed the above pattern. The animals that had been given 1 shock were only briefly (2 min) analgesic when tested in the new environment. The rats that had received 5 shocks were analgesic for 4-6 min, but the second analgesia did not appear. It was known that it was the second analgesia that did not occur in the new environment because naltrexone had no effect on the analgesia that did occur. Recall that naltrexone has no effect on the initial analgesia after 5 shocks, but blocks the analgesia that occurs at 6-10 min after shock if the animals are allowed to remain in the shock environment. Thus, the fact that naltrexone had no effect on the analgesia in the new environment suggested that the analgesia in the new environment was of the type that follows immediately after 5 shocks. The rats that had received 80 shocks remained analgesic throughout the lO-min test, although the analgesia seemed somewhat smaller than that which occurs if the subjects are not removed from the shock tubes.
The fact that the analgesia occurred 4-10 min after a small number of shocks if the subjects remained in the presence of shock cues, but did not occur if they were removed from the shock cues, is consistent with the possibility that the analgesia that occurs at the 4-1 O-min delay is dependent on the presence of stimuli that had been paired with shock and is therefore associatively aroused. However, there are uncertainties with regard to this conclusion. For example, it is possible that the analgesia at these time points is a nonassociatively derived reaction that is induced by the initial analgesic reaction as a consequence of that reaction. Alternatively, the shock itself may produce a biphasic reaction with one type followed by the other type (Grau, 1987b) . Perhaps removing the subjects from the shock environment and placing them in a new environment led to the appearance of only the first analgesia not because the second reaction required shock cues, but because the removal and placement in the new environment disrupted the sequential processes.
The purpose of Experiment 2 was to further explore the "removal" paradigm and the possible associative nature of the analgesia after small numbers of shocks.
Several predictions follow from the argument that the analgesia present 4-10 min after shock in the shock environment is elicited by the shock cues because the cues have been paired with shock. The most obvious prediction is that rats shocked in one environment and removed and tested in a different environment, as in Maier (1989) , would become analgesic again if returned to the shock environment after removal from the nonshock cues. This follows because the shock cues should not lose their conditioned properties while the rat is in the nonshock environment, presuming that the cues are sufficiently distinct to minimize generalization. Along the same lines, it would also be expected that the associative strength of the shock cues could be extinguished so that returning the subjects to the shock environment would now fail to produce appreciable analgesia.
Method
Subjects. The subjects were 64 male Sprague-Dawley rats, 80-90 days old at the time of testing. The rats were individually housed and maintained on a 12:12-h light:dark cycle, with testing typically occurring in the first few hours of the light part of the cycle.
Apparatus. The apparatus was identical to that used in Experiment 1.
Procedure. All subjects were first accustomed to handling. On the experimental day, half received a 7 mg/kg s.c. injection of naltrexone hydrochloride (Nal), while the other half received equivalent volumes of the saline vehicle (Sal). Twenty minutes later, all rats received baseline tail-flick testing in the shock room as in Experiment I, followed by five shocks in the shock room with cues as in Experiment I. The one-shock condition was not examined in this experiment because the relatively weak second analgesic reaction produced by a single shock would have made any results in the present experiment difficult to interpret. Eight Nal and 8 Sal subjects then received 10 min of tail-flick testing (tests 2, 4, 6, 8, and 10 min after the last of the five shocks) without being removed from the shock tubes or shock room. This is the normal, baseline procedure from which deviations will be assessed, so the groups are called Nal-normal and Sal-normal.
A second set of Nal and Sal animals was removed from the shock tubes immediately after the fifth shock, taken to the nonshock room, and placed in clean tubes. After 10 min in the nonshock environment (the condition during which the second analgesia did not occur in Maier, 1989 , and by the end of which there was no analgesia at all), these subjects were returned to the shock room, placed in the same "dirty tubes" out of which they had been taken, and tail-flick tested for 10 min. Tail-flick testing was not conducted during the 10 min in the nonshock environment because the logic of the experiment demands comparison of tail-flick latencies in the shock room for the various groups, so the occurrence of prior testing in the nonshock room would have been a confounding factor. These groups are designated Nal-nonshock 10 and Sal-nonshock 10. A separate group of 8 rats was employed to assure that the analgesia does in fact dissipate by the end of the 10 min in the nonshock environment, as in Maier (1989) . There was no analgesia at all after 10 min in the nonshock environment (F < 1.0).
A third set of Nal and Sal rats received five shocks, as above. They then remained in the shock tubes for 20 min with no further shock or tail-flick testing. Pilot work revealed that analgesia is no longer present after 20 min in the tube, presumably because it has extinguished. The animals in this group were then removed from the shock tubes and shock room and taken to the nonshock room, placed in clean tubes. and allowed to remain there for 10 min. They were then removed from the clean tubes and nonshock room, following pattern at each test point: 2 min: Sal-normal. Nal-normal, Sal-nonshock 10, and Sal-nonshock 30 differed from the other four groups but did not differ among themselves. The remaining four groups did not differ among themselves; 4 min: The pattern was the same as at 2 min with the exception that Sal-normal differed from Sal-nonshock 30; 6 min: Sal-normal differed from all of the other groups. Sal-nonshock 10, Sal-nonshock 30, and Nal-normal differed from the remaining groups, and the remaining groups did not differ from each other; 8 min:
The pattern was the same as that at 6 min; 10 min: Salnormal differed from all of the other groups except SaJ- saline before ftve shocks and were tested In the shock environment. One group was tested immediately after the last shock (Normal); one was removed and placed In • DOIIIbock en~for 10 min before tatina(Noo-Sk-IO); one W1Ili removed to .1IPM'IbodI; eavtroament for 30 min (Non-8k-3O); and one remained In the abcM:k environment for 20 min, was removed for 10 min, and then was returned to the shock environment for tesdna (Shock) . (B) Mean taII-ftlck Iatendes at bueUne (BL) and 2, 4, 6, 8, and 10 min .rter tbe start of testina. AUsubjects bad received oaItrex_ before ftve shocks and were tested In the shock environment. One IJ'OUp was tested immediately after the last shock (Normal); one was removed and pIlIced In • nonabcM:k envIronment for 10 min before testiDI (Noo-Sk-IO); one W1Ili removed to a DODIhock environment for 30 min (Noo-Sk-3O); and one remained In the sbockenvironment for 20 min, Willi removed for 10 mIn, and then Willi returned to the shock environment for testing (Shock). returned to the dirty tubes in the shock room. and given 10 min of tail-flick testing as in the above groups. These two groups are designated Nal-shock and Sal-shock. Thirty minutes elapsed between the last shock and return to the shock environment and testing in the Nal-shock and Sal-shock groups. Thus. any failure of analgesia to occur during testing could be attributed to the 3D-min interval. rather than to any putative extinction that occurred in the 20 min in the shock environment. Thus, a final set of Nal and Sal animals received five shocks, were then removed from the shock tubes and shock room, and placed in clean tubes in the nonshock room for 30 min. They were then removed, returned to the dirty tubes in the shock room, and given 10 min of tail-flick testing as in all of the other groups. These groups are labeled Nal-nonshock 30 and Sal-nonshock 30.
In summary. all groups received five shocks and eventual testing in the shock environment across a IO-min period. They differed with regard to their treatment between the last of the five shocks and the test. One group was simply tested without any intervening treatment; one was taken to a nonshock environment for 10 min; one was taken to a nonshock environment for 30 min; and one remained in the shock environment for 20 min, then was placed in the nons hock environment for 10 min.
Results and Discussion
For ease of inspection, the results are depicted separately for the Nal and Sal groups. The tail-flick latencies for the Sal groups are shown in Figure 5A . As can be seen, group Sal-normal had the pattern of analgesia expected after five shocks with immediate testing in the shock environment. The animals were strongly analgesic and remained so for the 10 min of testing, with some diminution by the IO-min point. Group Sal-nonshock 10 is the group assessed by Maier (1989) and in a separate experiment here in which analgesia was no longer present by the end of the 10 min in the nonshock environment. As is evident, returning them to the shock environment led to a new analgesic reaction, somewhat smaller than in Sal-normal, that became substantially smaller by the end of testing. Group Sal-nonshock 30 also became analgesic when returned to the shock environment after 30 min confinement in the nonshock environment, and their level of analgesia was indistinguishable from that of Sal-nonshock 10. Finally, the Sal-shock group showed very little analgesia upon return to the shock environment.
Figure 5B shows tail-flick latencies for the Nal groups. Group Nal-normal showed the usual pattern seen in prior research. Analgesia was not affected during the first 4 min postshock but was reduced thereafter. None of the other groups showed any analgesia. These conclusions were confirmed by a 2 (drug) x 4 (treatment before testing) x 5 (trials) repeated measures ANOVA. The effects of drug [F(l,58) = 127.68, P < .OOOIl, treatment before testing [F(3,58) = 83.43, p <
.0001], the interaction between drug and treatment before testing [F(3,58) = 17.49,p < .0001], trials [F(4,232) = 8.64, p < .001], the interaction between trials and treatment before testing [F(l2,232) = 4.56, P < .0001], and the interaction between trials, drug, and treatment before testing [F(l2,232) = 4.38, P < .OOOIl were all reliable.
The interaction between drug and trials was not reliable. Subsequent Newman-Keuls tests (p < .05) revealed the nonshock 30. Sal-nonshock 30 differed from aU others except Sal-nonshock 10. None of the remaining groups differed from each other.
In summary, the subjects did become analgesic again upon return to the shock environment after 10 or 30 min in a nonshock environment. Even though analgesia was no longer present after 10 min in the presence of nonshock cues, potent analgesia was produced upon return to the presence of shock cues. This analgesia did not occur if naltrexone was administered before the experimental treatment, in keeping with the general finding that conditioned analgesia is opioid in nature using the present parameters and procedures. The analgesia did not occur if the subjects were kept in the presence of the shock cues without the occurrence of shock before removal to the nonshock environment, further supporting the proposition that this analgesia that occurred upon return to the shock environment is a conditioned reaction. This manipulation should have extinguished conditioned reactions, and this was the result obtained.
It might seem that the presence of "shock odors" in the tubes to which the animals were returned for testing presents a difficulty for these conclusions. These odors were present during the initial shock treatment and were allowed to remain present since they were therefore part of the shock context. However, "stress odors" have been reported to produce analgesia as an unconditioned reaction (Fanselow, 1985) . Thus, it is possible that the analgesia observed upon return to the shock environment is an unconditioned reaction to stress odors rather than a conditioned reaction.
However, this factor cannot account for the difference in the magnitude of the analgesic reactions between the groups. Conditioned analgesia is inferred from the different levels of analgesia among groups Sal-nonshock 30, Sal-nonshock 10, and Sal-shock. All three groups were returned to the tubes with stress odors present, with return occurring at the same amount of time postshock. Thus, any unconditioned reactions to odors should have been equated among the three groups, yet they reacted with different levels of analgesia. The amount of analgesia observed in the Sal-shock group represents the maximal amount that could be attributed to an unconditioned reaction to odors, and it is quite small. It is too small to account for the analgesia in the other groups, so the conclusions concerning conditioned analgesia are secure. Indeed, this slight analgesia might not even reflect unconditioned reactions to odors, but might instead be wholly or partly a reflection of spontaneous recovery of extinguished conditioned analgesia. This suggestion is made because the baseline tail flicks were measured on shock days in the shock room in dirty tubes containing stress odors, and thus should already include any analgesia produced by odors.
GENERAL DISCUSSION
The purpose of the reported experiments was to explore the associative nature of the analgesia that follows exposure to electric tailshocks. A number of quite different views have been proposed. Perhaps the simplest is that shock produces an analgesic reaction as a direct unconditioned reaction to shock mediated by interaction between the sensory input and circuitry in the brainstem and/or spinal cord (Maier, 1986; Terman et al., 1984) . For this view, associative processes and psychological processing of the stimulus more generally play little if any role. Supporting this view are experiments showing that decerebration and pentobarbital anesthesia do not prevent shock from producing analgesia (Maier, 1989; Terman et al., 1984; Watkins et al., 1982) . It has been clear that the nature of the analgesia changes if the shocks are inescapable and a large number occur. Thus, it has been additionally argued that the unconditioned reaction eventually habituates and is replaced by a reaction dependent on learning that the inescapable shocks are indeed inescapable (Maier, 1986) . Fanselow (1986) has proposed a different position. He argues that signals for danger activate a defensive motivational system and that analgesia is part of this system. Here, explicit signals for danger and not painful events themselves produce analgesia. The signals can be either innate or acquired. In the case of shock, the signal is an acquired or conditioned signal. Thus, for this view the analgesia produced by shock is always an associatively derived reaction. Indeed, Fanselow has provided a variety of experiments attesting to the conditioned nature of the analgesia that follows a small number of shocks (Fanselow, 1984) . Fanselow is explicit that his position is restricted to the outcome of procedures using small numbers of shocks (Fanselow, 1986) . Grau (1987a Grau ( , 1987b has also emphasized the role of associative processes. Here, analgesia is placed within the context of Wagner's SOP model of associative processes (Wagner, 1981) . This position is complex and can allow for a variety of patterns of data. It allows for analgesia that is both nonassociatively and associatively derived. The simple presentation of an event can enter it into the A I state (argued to produce nonopioid analgesia), and a cue that has been paired with an event can enter it into the A2 state (argued to produce opioid analgesia). This position does, however, require "higher level processing" of the event. Even here, however, Grau (l987a) has argued that events such as shock can produce analgesia without entering into working memory at all and without higher level processing if they are very intense. Finally, Grau (l987b) has argued that the mechanisms responsible for analgesia do not become fundamentally different after a large number of inescapable shocks. It is the representation of shock in the A2 state that produces analgesia, with the analgesia being potentiated by pituitary-adrenal hormones activated by the prolonged shock exposure. Grau's position will not be discussed further because the implications of the present data for his model are not clear .
Not only have these different positions been proposed, but evidence supporting each has been provided. Maier (1989 Maier ( , 1990 has argued that many of the seemingly discrepant findings can be reconciled by a careful analysis of the way in which each of the groups has conducted their experiments. The groups that have obtained evidence for unconditioned effects mediated at brainstem and/or spinal sites (Liebeskind/Terman; Maier; MayerlWatkins) have generally either tested their subjects very soon after the last shock and/or have removed their subjects from the shock environment for pain testing. The groups that have obtained evidence for a crucial role for higher level processing and associative processes (Fanselow; Grau) have generally either tested for pain in the shock environment itself, have summed pain-test data over a long postshock period, or both. Obviously, the first set of conditions would maximize measurement of any unconditioned effects that might be produced by shock, while the second set would maximize measurement of any conditioned or associative effects.
These considerations led Maier (1989 Maier ( , 1990 to conduct a series of experiments that manipulated these variables. The outcomes suggested that tailshock leads to both unconditioned and conditioned effects, with the conditions of testing determining which is observed. After a small number of shocks, the last shock in the series seemed to be followed by an analgesic reaction that was observable regardless of whether testing occurred in the shock environment or in a different environment. The opioidl nonopioid nature of this reaction was determined by the number of shocks. This first reaction dissipated and was replaced by a different reaction, but only if the animals had not been removed from the shock environment for testing. This reaction was always opioid. Maier argued that the first reaction represented an unconditioned reaction and the second a conditioned response because the first reaction was observable in anesthetized animals and the second was dependent on an awake state and was prevented by removal from the shock environment. Because the entire analgesic reaction observed after 80 inescapable tailshocks depended on the awake state and was unaffected by removal from the shock environment, Maier (1989) argued that it was neither an unconditioned nor a conditioned response, but rather a reaction set in motion by having learned that the shocks are inescapable.
Although the data reported by Maier (1989) are consistent with his arguments, they are hardly conclusive. Thus, the present experiments were conducted to further test these hypotheses. The core of the argument was that Pavlovian associative processes are not involved in generating the analgesic reaction that occurs after large numbers of inescapable shocks or 0-4 min after small numbers of shocks. Pavlovian associative processes were seen as generating only the analgesic reaction that begins 2-4 min after the last of a small number of shocks. This would suggest that manipulations that modulate the level of Pavlovian conditioning should affect only the analgesia beginning 4 min after the last of a small number of shocks. Preexposure to the to-be-eonditioned stimulus (latent inhibition) is known to be a potent modulator of Pavlovian conditioning. In Experiment I, subjects were preexposed to either the environment in which shocks later were administered or to a distinctively different environ-ment. Preexposure to the environment in which shock was later administered had no effect on the analgesic pattern observed after 80 inescapable shocks, the analgesia 2 and 4 min after I shock, or the analgesia 2, 4, and 6 min after 5 shocks. However, preexposure did reduce or eliminate the analgesia subsequent to the 4-min test point after I shock and the 6-min test point after 5 shocks. As in previous work, the analgesia soon after shock was either reversed by naltrexone or insensitive to naltrexone, depending on the number of shocks. Also as before, the second reaction was sensitive to naltrexone, as was the analgesia following 80 inescapable shocks. This again confirms the existence of a biphasic analgesic pattern after small numbers of shocks, with the first reaction being insensitive to variables that alter associative conditioning processes and the second being sensitive to such variables. This also further confirms the insensitivity of the analgesia to conditioning variables following 80 inescapable shocks.
Experiment 2 added evidence indicating that the shock environment used here does produce hypoalgesias as a reaction to the stimuli of the environment rather than only as a reaction to the shock. Subjects who were returned to the shock environment after the postshock analgesia had been allowed to dissipate in a nonshock location became analgesic again. Moreover, the analgesia did not then have a biphasic nature and was opioid throughout its entire event. Finally, the ability of the shock environment to elicit analgesia upon reexposure of the subjects to the environment was reduced if the subjects were kept in the shock environment without further exposure to shock. This is what would be expected if the shock environment elicited analgesia as a conditioned response.
The present experiments add to prior work in strongly suggesting that shock does produce analgesia as an unconditioned reaction. There is a decrease in pain sensitivityl reactivity immediately following shock that is not reduced by prior exposure to the stimuli present during shock (Experiment I), that is not reduced by manipulations designed to reduce fear (Maier, 1990) , that is not disrupted by removal of the subject from the shock environment (Maier, 1989) , that does not occur again if the subjects are reexposed to the shock environment after the analgesia has been permitted to dissipate in a nonshock environment (Experiment 2), and that does not require the awake state to occur (Maier, 1989) . Thus, any position that argues that analgesic processes can only be triggered by signals for danger will have to be modified.
It might be noted that Fanselow (1991) has recently modified his model in this manner to incorporate an unconditioned analgesia. What is critical for Fanselow's model is that signals for danger produce analgesia, and the data reported here strongly support this assertion. It is much less critical that this be the only access to the circuitry that mediates analgesia, and Fanselow has added this access. Moreover, it is quite likely that the unconditioned and conditioned hypoalgesias are mediated by different physiological substrates. The data reported here demonstrate that conditioned analgesia involves an opi-oid mechanism, whereas the unconditioned analgesia after five shocks does not. Data reported elsewhere (Maier, 1989) show that the unconditioned analgesia following more than five shocks is also insensitive to naltrexone. Unpublished data from our laboratory indicate that it is only after one and two tailshocks that the unconditioned analgesia is opioid. Thus, under most conditions unconditioned analgesia is nonopioid, whereas conditioned analgesia is opioid. It can be further noted that even after one and two shocks the opioid nature of unconditioned and conditioned analgesia might be quite different. There are a number of different endogenous opioid peptides, opioid receptors, and central nervous system structures where opioids playa role in pain modulation. It may well be that conditioned and unconditioned opioid hypoalgesias utilize fundamentally different opioid mechanisms. Thus, it would be an easy matter for Fanselow to restrict the link between the defensive motivational system and analgesia systems to a particular system. In this regard, Fanselow, Calcagnetti, and Helmstetter (1989) have argued that conditioned analgesia is mediated by mu receptors in the brain, rather than by delta or kappa opiate receptors.
The present experiments also have implications for the analgesia that occurs following larger numbers of inescapable shocks. Here, the issue is whether the opioid analgesia produced by 80 inescapable shocks is fundamentally different from the unconditioned opioid analgesia following small numbers of shocks and conditioned analgesia. The present data are consistent with prior findings suggesting that the analgesia produced by 80 inescapable shocks differs substantially from the other opioid hypoalgesias (Maier, 1989) . Here, we add the finding that prior exposure to the environment in which shock occurs reduces or prevents conditioned analgesia, but has no detectable effect on the analgesia that follows 80 inescapable shocks. This again supports the argument that the reaction is not a conditioned reaction in any ordinary sense. It is affected neither by the removal of cues that have been paired with shock (Maier, 1989) , nor by preexposure to those cues. This is perhaps not surprising since the only real reason to believe that the hypoalgesias are similar is that they are all reversed by high doses of systemically administered naltrexone. However, the involvement of opioid peptides in pain modulation is quite complex, with multiple opioid systems in both brain and spinal cord with different receptor types playing roles. Systemic administration of naltrexone would have an impact on both brain and spinal receptors, and additionally, the doses typically used are not selective for a given receptor subtype. It is thus quite possible that the various types of opioid hypoalgesias described here do not employ the same opioid circuits and differ even with regard to the details of their opioid nature.
